Summary. The 
Introduction
The mammalian oocyte and its surrounding follicular cells are metabolically coupled through gap junctions, as can be experimentally shown by studying the passage of metabolites from one cell to the other (Moor, Smith & Dawson, 1980 ; see also review by Moor & Cran, 1980) . The function of these junctions in the mechanism of meiotic maturation is not clear. The hypothesis that meiosis resumes as a consequence of the interruption of a flow of inhibitory molecules through the junctions (Dekel & Beers, 1980; Dekel, Lawrence, Gilula & Beers, 1981) is made less tenable by data showing that gap junction closure follows the resumption of meiosis. Gonadotrophic hormones are clearly involved in the uncoupling of the maturing oocyte from follicular cells, in vivo (Gilula, Epstein & Beers, 1978;  Eppig, 1982a) and in vitro Dekel et al., 1981) .
In follicles cultured in vitro, FSH appears to be a very effective uncoupling agent (Moor, Osborn, Cran & Walters, 1981 (Whittingham, 1971) (Eppig, 1982a (1982) . This index is therefore used in the present paper as a measure of metabolic co-operation. In our experimental conditions the "coupling index" (Heller, Cahill & Schultz, 1981) Metabolic coupling between oocyte and cumulus cells situated in vivo with hCG and in vitro with FSH or dcAMP. Cumuli oophori were cultured in vitro for 0, 3, 6,9 or 12 h in standard medium or in medium containing FSH or dcAMP. Some cumuli were isolated from gonadotrophin-primed females 3, 6 or 9 h after hCG injection (Text- fig. 2 ). Decrease in metabolic co-operation rapidly occurred during the first 3 h in cumuli oophori cultured in vitro in control medium ; the decrease continued at later times, but significant coupling was still present after culture for 12 h. In cumuli cultured in the presence of 1 pg FSH/ml (but not 0-1 pg/ml), or isolated after stimulation with hCG in vivo, coupling remained high for the first 3 h and drastically decreased thereafter.
The presence of 2 mM-dcAMP in the culture medium led to a high level of co-operation for at least 6 h between oocyte and cumulus cells. A slow decrease was observed at later times. In these conditions cumulus-enclosed oocytes did not resume meiosis.
Metabolic coupling in conditions in which mucification is prevented. To see if the physical separation of cells caused by mucification plays a role in the loss of coupling which occurs in cumuli treated with FSH or dcAMP (see above), we have studied how uncoupling is influenced by the addition of heparin, a compound which prevents mucification (Eppig, 1981 fig. 2 ), and meiotic resumption is similarly delayed by about 3 h (Text- fig. 3 ). After this time in both experimental conditions a near total uncoupling occurs. It is possible that high intracellular levels of cAMP in the cumulus complex are responsible for the maintenance of metabolic coupling and for the meiotic block in gonadotrophin-treated cumuli. Gonadotrophin treatment stimulates invivo and in-vitro cAMP accumulation in granulosa cells and in whole follicles (reviewed by Richards, 1980 ; see also Eppig, Ward-Bailey, Potter & Schultz, 1982) . It is known that cAMP promotes the formation of gap junctions or the opening of pre-existing ones (reviewed by Loewenstein, 1981) , and that mouse oocytes do not resume meiosis in culture in the presence of dcAMP or phosphodiesterase inhibitors (reviewed by Tsafriri, Dekel & Bar-Ami, 1982) .
Since the increase in cAMP levels occurring in gonadotrophin-stimulated granulosa cells is only transient (Lawrence, Ginzberg, Gilula & Beers, 1979) , the progressive uncoupling (as well as the resumption of meiosis) occurring after 3 h in gonadotrophin-stimulated cumuli oophori in vivo and in vitro might be the consequence of a similar fall in cumulus cells. In accordance with this hypo¬ thesis, if high intracellular levels of cAMP are maintained by culture in the presence of 2 mMdcAMP, full coupling between oocytes and cumulus cells is maintained for 6 h (Text- fig. 2 ). A late uncoupling occurs between 6 and 12 h in these conditions. This event is due to cumulus expansion, since it is totally prevented by heparin. The uncoupling effect of cumulus expansion may not be evident at lower concentrations of dcAMP, which induce only a partial mucification to the same conclusions. An additional observation which confirms that the initiation of uncoupling is independent of mucification is a temporal discrepancy between the two phenomena (data not shown). In all experimental conditions we have observed a good temporal correlation between the resumption of meiosis and the onset of uncoupling. In conditions in which meiotic resumption is prevented (culture in the presence of dcAMP), no uncoupling of the oocyte from cumulus cells occurs for at least 12 h, provided mucification is also prevented. However, when an early breakdown of the germinal vesicle is observed (in cumuli oophori cultured in control medium), a precocious coupling reduction is also seen. In cumuli treated in vitro with FSH or isolated from hCG-injected animals, in which meiotic resumption is delayed by about 3 h, the onset of uncoupling is similarly delayed. The strict correlation between meiotic resumption and uncoupling suggests that the two events might be regulated by a common effector A good candidate for this role is cAMP which, as we have already pointed out, seems to be involved in the regulation of meiosis resumption and gap junction function. In consideration of the fact that in all mammalian species examined the resumption of meiosis precedes metabolic uncoupling Eppig, 1982a) , it may also be suggested that some meiosis-related change in the oocyte, such as a surface change (Nicosia, Wolf & Mastroianni, 1978; De Felici & Siracusa, 1980) might be the primary trigger for the reduction of metabolic co-operation.
